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Æ< WÙPÎ²È7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ÈÞÝÈyÆÏÛhÒxÍ°ÇÉÊ*Ù (x, y) ÍÕ/Ç Ù7Ñ È<Ø²Æ7ÓÊ²ÈÓÊ²ÅhÕÍ°ÆuÈÞÝÈgÆ®ÛhÙ7Ç1È t Ë Ú Î5ÇÉÑ ÑÏÙPÆ?ÞÙ²Æ7È gÓÊÇÉÊ²ÅyÈzÅ²Ç nÈgÆÏÈyÊ*ÙÈnÈ<ÞÙPÑgË 1 Ê²Î²ÍÍ°ÈyÊ²ÈyÍ²ÑÑÏÛ5Ê²ÓÒ²ÑPÈµÆ7ÈyÒ#ÓÆ®ÙPÇ Ù7ÇÉÍ°ÊÍ°Ê(ÙPÎ²È È<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Õ/Ù7Î²ÈzÊ²È<²ÆÏÍ°Ê gÓÊ ßÉÈgÓÅ(ÙPÍ
ÑPÒ#ÓvÙ7ÇÔÓ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Ñ7Í°ß15Ù7ÇÉÍ°Ê²ÑÕÍ°Æ V (x, y, t) ËÄ/Ê|ÈyßÉÍ°ÊÓvÙ7ÈgÅ|Ñ7Ù7ÆÞÙ²ÆÏÈÑ ¬Î$ÓÑÓ/yÍ°ÆÏÙ7Ç1gÓßÓ5Í°Ê#gÓÊµÇÉÊ²ÅyÈuÑPÒxÈ<yÇ 2 Ò²Æ7Í°Ò²Ó"ÓvÙPÇÉÍ°ÊÙ7Ç1ÈyÑ©Í°ÊµÙ7Î²ÈuÊ²È<²Æ7Í°Ê2. Ñ/Ñ²ÆÏÕlÓ"yÈ°ËÌÈ,ÇÉßÉß@Ê²ÍÙÙPÓ°ÈuÓ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g∞(t) = Gexc(t) + Ginh(t) + gL,
E∞(t) =








































g∞(t) = Gexc(t) + Ginh(t) + gL,
E∞(t) =
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E∞(t) =
Gexc(t) Eexc + Ginh(t) Einh + I(t)
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 1 ÙWÎ#ÓÑWØxÈgÈyÊ¯Æ7È<yÈyÊ*Ù7ß ÛUÑ7Î²Í!©ÈyÅ ÙPÎ#ÓvÙÊ²È<²ÆÏÍ°Ê²ÑÓÆÏÈ´ÇÉÊ²Å²ÈyÈyÅÇÉÊÓ/Î²Ç1°Î89gÍ°Ê5ÅÞÙ¬ÓÊgÈ/Ñ7ÙPÓvÙPÈ5/ #367 (0% 687	 % 3') "Î²Ç1¬Î
ÙPÆ7ÓÊ²ÑPßÔÓvÙ7ÈyÑ¯ÇÉÊ	Í²Æ,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ÇÉÊ yÍ°ÊÙPÆÏÇÉØ5Ù7ÇÉÍ°Ê£Ù7Í g∞(t) ÓÊ*Û Í°ÆÏÈË
Í°Ê²ÑPÇÉÅ5ÈgÆÏÇÉÊ$Ó°ÈgÊ5ÈgÆ7Ó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exc + Ginh + gL
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η − x if x < 0,
η +
(1 − η)x
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x → −∞ x{f]TYdv#fvrt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G = G/s ª¤TjlmY$fvTY
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gL = s/τ
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(x, y, t) = G ∆V (x, y, t) − 1
τ













V (x, y, t) = H
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x → 1 − exp(−x)  nW{;¹§jq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GexcR (t) = Gmax−

























cjlY*¤ kn  c¬ªf]TY5dgY(TWxWY*mqdµ*knrmq{Enmld]kk@YC´ª©X(YCnjWof]T#f|f]TY(YCmm3¤knrmq{Ed]Y*Y &g{nt]«@Y*tzf]TWn








































jlonrtvY 85³ Ã¯rtvtvY*9f Wk#¤jWofvTt]k@ronT¡tvYC{c¢ÞdgYCWd]j¥fvj@Yh*knY@ª´f]T#f	TW@d$iYCY*¡{nt]«E@{xf]YC{´ªjl
tvYCd]?knWd]Y fvk	?nd]TYCdkx?mjlonT9f5­
7· 3~Y5dg?knWd]YkxWfvTYk@Y fvkit]jlY nd]TY5d/knjlWtvYC@dgjloµj9f]YCWd]j¥fvjY5d*­






















!@    
	  . < *(
jlonrtvY 8!W³º\µrtKX(kc{Y*m®k@tuk@W{erWfvxYUkn?Y*jlo$icbWTkxfvkxf]txd]{er°f]jlknhjlhtvYC*Y*efvkntd*­/ÂuxtvjlnimlY
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x(t) = 1Gmax I ? fĪ (t)
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VR(x, y, t) = V
0
R + AR ∆G
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GexcR (x, y, t) = G0 + ∆G(x, y, t)
fvk
VH (x, y, t)
*xi?Y$¤t]jfgfvY*´³
VH(x, y, t) = V
0
H + AH ∆G
x,y,t∗ HR
t∗ TτSyn


















































































VH (x, y, t) = V
0
H + AH ∆G
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VBip(x, y, t) = V
0
Bip + AC ∆G





HBip = HC − wHS ,
HC(x, y, t) = GσC (x, y)TαC ,τC (t),
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HBip(x, y, t) = [GσC − GσS ] (x, y)TαC , τC (t) + GσS (x, y)
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d0 if r < R0,













σ0C if r < R0,
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exc − V ) − gLV,
dgjl«nY¤TYC










t ∈ [nτlin, (n + 1)τlin]
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­ SUTWxfjldCªj ∀t, δG(t) < ε ªefvTY*
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Ttvknj:9Cxf]jlkn
Y*¶?Y5°fd  cª !x¬­E·Wkxf]TWY*t?k@dvd]jimlYY*¸9fvY*Wd]jlkn¡jqd	fvk§f]txWdg®kntvX knrt£t]Y*f]jlW§X(ke{eY*m¯j9f]k§X(ke{eY*m
®k@t fvTY xf]Y*txm N|Y*jqrWmlxf]Y !rW*mYCrWd 
 5N ! °ªnW{X(ke{eY*mmq#fvY*txmdgjl«cjWo£jl9f]Y*tnf]jlknWdCªcxW{ YCnYC






















¤Y¤¯YCt]YUximlYf]kµ¨¸	fvTY-#<M xW{E      $d]W#fvjlnmeY¸cf]YC@fd σC xW{ σS ªxiW@dgY5{	k@fvTYxrefvTkntd X(Y5nd]rt]YCX(Y*9fvdkxf]TWY$f]Y5dyfvYC{±YCmm dUtvYC*Y*efvj@Y|¨WY*mq{©­ S/Y*X(?kntxm©«nYCt]WY*mqd®knt-#<M £nW{,      
d]jlonWnmld¤Y*tvY	xtvijf]txtvjmlb ¨¸eY5{±kn§ijlknmlkno@jlCxmlmbWmlnrWdgjlimlY	#xmlrYCdCªW¤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#f]Y5d¤Y*tvY fvTY* *knX(refvYC{¡¤jf]T
¦XhY*f]Tke{ d]jlXhjlmqxt	fvk  85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«@Y*tvY*m°­















®f]Tjltv{ mjlY/jlonrWt]Y 8*$ªfvTYºX(ke{ermq#fvjk@ jlW{erW*YC{ icb f]TWYºo@tvxf]jlo kn f]TY
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X(kntvYµfvTWxfvY*±f]jlX(YCdd]X xmlmYCt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W­8²(knt­ !n"
 ¨Wt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\µt]jlonjlWxmjlX xonY 85X d xhX d
85£X d @	X d 8Cn£X d
8ChX d !28µX d xn£X d
jlonrtvY8#c³ ~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	 RM =   4&/ 	 + + 7687  , / # 67 % 70+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E∞(t) =
Gexc(t) Eexc + Ginh(t) Einh + I(t)
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Fτ, τ, . . . , τ︸ ︷︷ ︸
k + 1
























T0,τ = Tτ .
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+ ªU¤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(τ1, τ2, . . . , τn)
knf]TWY|k@t]jlonjlWnm
Y*¸ek@Y*9f]jqxm¨m¥fvY*tdf]TWxfonY*WY*t#f]Y5{ fvTY$imlkniM;
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Ï· 
(8, 102, 15) → (2.8, 11.5) 
7Z  (27, 35) → (0.9, 25.5)

PÃ 
(52, 42) → (0.49, 34.84) 




(τ1, τ2, . . . , τN ) → (α, τ)
rWdgjlo(®k@t]X£rml@d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(x, y, t) = GR ∆VR(x, y, t) − τ−1R VR(x, y, t) + Iexc(x, y, t) − (aVH(x, y, t) + b)
dVH
dt
(x, y, t) = GH ∆VH (x, y, t) − τ−1H VH (x, y, t) + (cVR(x, y, t) + d), 
P@ 
¤TWY*tvY





















−jξtṼR(ξx, ξy, ξt) =
(
− GR(ξ2x + ξ2y) − τ−1R
)
ṼR(ξx, ξy, ξt) + Ĩ
exc(ξx, ξy, ξt) − aṼH(ξx, ξy, ξt)
−jξtṼH (ξx, ξy, ξt) =
(
− GH (ξ2x + ξ2y) − τ−1H
)
ṼH(ξx, ξy, ξt) + cṼR(ξx, ξy, ξt),
 d]bedyfvY*X f]TWxfµ*n§iY	Y*¸emjqjf]mlb±dgk@m@YC{©ªemlYC@{ejWo(f]k fvTYk@t]tvYCd]?knW{ejlo(Y¸etvYCdvd]jk@®k@tf]txWdg®Y*t
®rWW°fvjk@®k@tTkntvj:9*kn9fxm©YCmmqd*³







τ−1R + GR(ξ2x + ξ2y) − jξt
)(
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(ξx, ξy , ξt) < 0,
®k@t
i = x, y
­
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HC(x, y, t) = GσC (x, y)TαC ,τC (t),
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